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Pleiotropic drug resistance (PDR) transporters play essential roles in cell resistance to various toxic
compounds in various organisms including bacteria, mammals and yeasts. A large group of PDR
transporters have been described in yeasts so far, including those that are controlled by transcrip-
tion factor Pdr1p. Here, we show that besides their role in removing extracellularly added toxic
compounds, the Pdr5p and Snq2p transporters play important physiological roles and signiﬁcantly
inﬂuence the developmental phases and physiology of yeast populations growing in a liquid culture.
They appear to be involved in population quorum sensing, which consequently inﬂuences transcrip-
tion factor Pdr1p level via feedback regulation.
 2009 Federation of European Biochemical Societies. Published by Elsevier B.V. All rights reserved.1. Introduction
Multidrug resistance is a widespread phenomenon represent-
ing the tolerance of a cell to a broad spectrum of unrelated cyto-
toxic compounds. It occurs in organisms ranging from bacteria to
humans [1–3]. A common mechanism underlying this resistance
is an ampliﬁcation of the level of membrane proteins which
function as drug extrusion pumps, belonging either to the ATP-
binding-cassette (ABC) or to the major facilitator super families.
In Saccharomyces cerevisiae, various ABC transporters are involved
in the so-called pleiotropic drug resistance (PDR) [4,5]. The Pdr5p
pump and its functional homologues Snq2p and Yor1p are able
to extrude hundreds of structurally and functionally unrelated
xenobiotics across the plasma membrane [6–8]. However, despite
Pdr5p being one of the best characterized ABC drug efﬂux pumps
in yeast, its physiological function is still unclear. None of the
membrane-embedded yeast ABC pumps are essential for viabil-
ity. However, in the presence of xenobiotics, anticancer, or anti-
fungal drugs, cells lacking Pdr5p, Yor1p or Snq2p display marked
drug hypersensitivities [9]. The transcription regulator Pdr1p
controls the expression of the genes PDR5, SNQ2 and YOR1
[10,11]. The formation of a mutated Pdr1-3p factor containing achemical Societies. Published by E
BC, ATP binding cassette
á).phenylalanine to serine substitution at position 815 leads to
the overexpression of several genes, including PDR5, SNQ2 and
YOR1 [12].
The abundance and broad speciﬁcity of PDR transporters indi-
cate that they may not exclusively export extracellularly added
drugs, but they could play some physiological functions, possibly
related to cell detoxiﬁcation and stress adaptation [13,14]. It is
known that steroids can induce a PDR state in bothCandida albicans
and S. cerevisiae [15,16] and the Pdr5p and Snq2p proteins of S.
cerevisiae are able to efﬂux steroid hormones. Thus, yeast PDR
transporters, similar to human Mdr1p, could be involved in the to-
tal sterol homeostasis in yeast cells [17]. There are indications that
ABC pumps may also play a role in the asymmetric distribution of
phospholipids in membranes or in the removal of oxidized lipids
from the membrane [18,19]. At least some transporters can func-
tion as phospholipid translocators (e.g. Pdr5p, Yor1p, Cdr1p, and
Cdr2p) [20] and be involved in membrane lipid organization
(Pdr5p and Pdr15p) [21]. These, mostly fragmentary data indicate
that questions about the physiological roles and substrates of
PDR transporters, apart from their extracellular drug protective
function, remain unanswered.
In this study, we show that absence of both the Pdr5p and
Snq2p transporters of the PDR family seriously affects the entire
physiology of the yeast cell. The presence of at least one of these
two transporters appears to be essential for regulation of the
developmental phases of a yeast population growing in liquid
media.lsevier B.V. All rights reserved.
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2.1. Strains and media
Saccharomyces cerevisiae AD12 (MATa, PDR1-3, ura3, his1,
PDR5, Dsnq2, Dyor1), AD13 (MATa, PDR1-3, ura3, his1, Dpdr5,
SNQ2, Dyor1), AD23 (MATa, PDR1-3, ura3, his1, Dpdr5, Dsnq2,
YOR1), AD1-3 (MATa, PDR1-3, ura3, his1, Dpdr5, Dsnq2, Dyor1)
and US50-18C (MATa, PDR1-3, ura3, his1) as the parental ‘‘wild-
type” (wt) (for details, see [6]). Strain EMO1/3 (MATa, PDR1,
ura3, his1) (derived from US50-18C by replacing PDR1 instead of
PDR1-3) was obtained from S. Ulaszewski (University of Wroclaw,
Poland). Cells were grown aerobically at 30 C on YPD (2% glucose,
1% yeast extract, 1% pepton, pH 5.9).2.2. Construction of PDR1 pdr5/snq2 strain
The strain OH1 (PDR1, Dpdr5/URA3, Dsnq2/kanMX) was con-
structed from EMO1/3 (PDR1, PDR5, SNQ2) using Cre-lox deletion
method as described [22]. Plasmids pUG72 (carrying loxP–URA3–
loxP) and pUG6 (carrying the loxP–kanMX–loxPmodule) were used
as templates for ampliﬁcation of URA3 and kanMX cassettes.
Sets of primers used for SNQ2 deletion: SNQ2f 50-atgagcaa
tatcaaaagcacgcaagatagctctcataatgctgtcgctagcagctgaagcttcgtacgc-30
and SNQ2r 50-ttactgcttctttttccttatgtttttaattttattgagtatagatacgggg-
cataggccactagtggatctg-30 and for PDR5 deletion: PDR5f 50-atgccc-
gaggccaagcttaacaataacgtcaacgacgttactagctactccagctgaagcttcgtacgc-
30 and PDR5r 50-ttatttcttggagagtttaccgttctttttaggcactcttgctaaccagt-
gcataggccactagtggatctg-30. The transformation of yeast strains
was carried out as described [23]. Correct integrations of URA3
and kanMX cassettes were veriﬁed by PCR.2.3. Measurement of physiological parameters
The growth of cultures was determined as changes in absor-
bance A578. The glucose and ethanol concentration was measured
spectrophotometrically using an appropriate assay kit (Megazyme
International Ireland Ltd.). The amount of ammonium/ammonia in
the cultivation medium was determined with Nessler reagent after
ammonia/um volatilisation from the medium and its subsequent
trapping as described [24]. The concentration of low-molecular thi-
ols was determined in the supernatant after trichloroacetic acid
precipitation of cell proteins using 5,50-dithio-bis(2-nitrobenzoate)
as described [24]. Proton extrusion ability was measured according
to [25] using biomass corresponding to a 100-fold concentrated
culture of A578 = 1 and 20 mM glucose. The concentration of amino
acids was determined by HPLC with precolumn derivatization by
OPA [26] using a Watrex reprosil C18 250  4 mm, 5 lm reverse
phase column and ﬂuorescent detection.2.4. Northern blot analyses
Total RNA was isolated and puriﬁed as described [27]. mRNA
expressed from selected genes were detected by probing the mem-
brane with a radioactive labelled probe using a standard protocol
[28].2.5. Determination of catalase and superoxide dismutase activity
The activities of enzymes were determined in cell lysates as de-
scribed [29]. Proteins were separated on PAGE (9% gel for catalase,
12% for superoxide dismutase) under non-denaturing conditions
(5–15 lg of proteins/slot).2.6. Determination of amount of particular proteins
The proteins were determined by Western blotting as described
[29]. The Pma1p, Pdr1p and Pdr5p were detected by speciﬁc goat
antibodies against the particular protein (Santa Cruz Biotechnol-
ogy) in combination with rabbit anti-goat IgG-peroxidase (Sigma).
2.7. Cytochrome spectra measurement
Cytochrome absorption spectra of whole cells were recorded at
the temperature of liquid nitrogen after reduction by dithionite
using a Cary 4000 spectrophotometer (Varian) as described [30].
Absorption maxima for the a-bands of cytochromes c, c1, b, and
a + aa3 were expected at 546, 552, 558, and 602 nm, respectively.3. Results
3.1. The absence of Pdr5p and Snq2p, but not of Yor1p, inﬂuences the
growth properties of a yeast population
To investigate a possible role of PDR transporters during the
ageing of a yeast population, we analysed the properties of strains
containing different combinations of deletions in three PDR trans-
porters, the production of which is under the control of transcrip-
tion factor Pdr1p. We used a set of isogenic strains [6] derived from
US50-18c (a strain possessing the PDR1-3 allele) and containing
deletions in the transporter genes PDR5, SNQ2 and YOR1.
Analysis of the growth properties of PDR-defective strains in
YPD liquid medium revealed striking differences in US50-18c,
AD12 and AD13 on one side and AD1-3 and AD23 on the other.
Both the AD1-3 and AD23 strains, i.e. the strains with both the
PDR5 and SNQ2 genes deleted, reached markedly higher culture
densities than the US50-18c strain as well as those deletion mu-
tants which retained at least a functional PDR5 or SNQ2 gene
(Fig. S1). Detailed analysis of the US50-18C strain (wt; with func-
tional Pdr5p and Snq2p) and AD1-3 (representative of pdr5/snq2
strains) (Fig. 1A) showed that the initial growth rate of both strains
in YPD medium is approximately the same for approximately 6 h
(growth rate l of approximately 0.39–0.41). However, from this
time onwards, the pdr5/snq2 strain continues to grow exponen-
tially, while the wt US50-18c slows its rate of growth signiﬁcantly.
This trend continues during the subsequent 4 hrs (until approxi-
mately the 10th h of cultivation) and is followed by a decreased
growth rate in both strains (to l in the range 0.023–0.025). There-
after, from approximately the 15th h of cultivation, it is only the
growth rate of the pdr5/snq2 strain that rises again for the next
15 h (l about 0.044) compared to the wt. From approximately
the 35th h of the cultivation, all cultures gradually decrease their
growth rate. The resulting culture density of the pdr5/snq2 strain
was double (A578 > 20) that of the wt (A578 about 10). Despite par-
tial similarities in the sequential changes in the growth rates
(accelerating and decelerating trends) of all strains, from approxi-
mately the 7th h of their cultivation, pdr5/snq2 cultures exhibited a
higher growth rate than cultures of other strains including the wt,
thus indicating alterations in their metabolism and nutrient util-
isation (Fig. 1A and Fig. S1A). This prediction is also supported by
parallel changes in the pH of the cultivation medium. All cultures
decreased their pH from about 5.9 to about pH 4 during the ﬁrst
10 hrs of their growth. However, just after 10 h, pdr5/snq2 cultures
begin to rapidly increase their pH, reaching values of pH > 6 at the
30th h, i.e. around the time when the gradual decrease in growth
rate of all cultures is initiated. Later, their pH slightly decreased
to about pH 5.5. In contrast, cultures of the wt and both the other
mutants (AD12 and AD13) continue to acidify the medium,
reaching pH 3.7 after 15 h of cultivation and they maintain a pH
Fig. 1. Growth properties of PDR-defective strains (containing PDR1-3 allele) in liquid YPDmedium. Growth curves of wt and pdr5/snq2 strains (A). Corresponding pH changes
of medium (B), amounts of glucose (C), ethanol (D) and amino acids (E) in the medium during the cultivation. Full symbols, wt (US50-18c); open symbols, pdr5/snq2 (AD1-3).
Values represent means ± S.D. of the 3–5 independent experiments.
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allowed us to classify the analysed strains into two groups accord-
ing to their growth properties. The ﬁrst group includes the wt
strain and all strains containing at least one of the two transporters
Pdr5p and Snq2p fully functional (wt group), and the second is
comprised of strains containing deletions of both the PDR5 and
SNQ2 genes (pdr5/snq2 group). For subsequent experiments, we
therefore chose representatives of each group, the wt strain
US50-18c and pdr5/snq2 strain AD1-3.
To obtain more information about the growth properties of the
strains, we measured nutrient changes in the cultivation medium,
i.e. the amounts of glucose, ethanol and amino acids during the
cultivation of the wt and pdr5/snq2 strains. As shown in Fig. 1C,
both strains similarly utilise glucose during the ﬁrst 5–8 h of their
growth. From the 8th h, the glucose utilisation rate rises with the
pdr5/snq2 culture, which had consumed all the glucose before the
16th h, while the wt culture still contained some glucose at that
time (Fig. 1C). The period where the rate of utilisation of the rest
of the glucose in the cultures of the two strains signiﬁcantly differs,
correlates with the observed beginning of the divergence of their
growth rate (Fig. 1A). Thus, it cannot be excluded that pdr5/snq2
strains have the capability to more efﬁciently utilise traces of glu-
cose in the cultivation medium. This glucose exhaustion correlates
with the transient decrease in growth rate of both strains and the
rapid increase in pH of the pdr5/snq2 culture (Fig. 1A and B).
As for ethanol, its concentration increased similarly in both cul-
tures up to the 40th h (Fig. 1D). It then started to be quickly spent
in the pdr5/snq2 culture, being undetectable at the 100th h. At this
point, the wt culture still maintains almost half of the maximal
ethanol value measured. The speeding up of ethanol utilisationcorresponds to moderate decrease in pH of pdr5/snq2 culture from
pH 6 to pH 5.5 (Fig. 1B).
In addition, observed changes in amino acid concentration
(Fig. 1E) revealed that from the 6th h, the wt strain slowed down
its growth rate compared to the pdr5/snq2 strain, despite utilising
the same amount of amino acids. This implies that it has to spend
more amino acids to produce a unit of biomass than the pdr5/snq2
strain. Also later on, both strains signiﬁcantly differ in the amount
of amino acids they need to produce one unit of their biomass.
All this indicates that both cultures differ from relatively early
phases (from about the 7th h, correlating approximately with the
decrease in glucose concentration below 0.2%) in their develop-
ment and the differences in the pdr5/snq2 strain metabolism per-
sist until late developmental phases.
3.2. The pdr5/snq2 strain physiology differs from that of the wt strain
The above data suggested a modiﬁed physiology of the pdr5/
snq2 strain. Therefore, we analysed the pdr5/snq2 culture in more
detail and compared it with the physiology of the wt culture. We
focused on changes connected with the cell capacity to modify
the pH of the media, as well as on the status of cell mitochondria,
which may be important for the respiratory utilisation of nutrients.
First, we measured the cell capability to acidify its surroundings
in the presence of glucose and the level of plasma membrane H+-
ATPase Pma1p exporting protons during culture ageing. Indepen-
dent experiments revealed that the cells of pdr5/snq2 cultures
exhibit a signiﬁcantly lower capacity to extrude protons after
12 h of cultivation (Fig. 2A). This is very likely largely caused by
changes in the amount of Pma1p (Fig. 2C), which after the initial
Fig. 2. Differences in wt and pdr5/snq2 strain physiology. Cell capacity to acidify surroundings (A), level of plasma membrane H+-ATPase Pma1p (C), level of ammonia/
ammonium in the medium expressed as lg of nitrogen/ml (B), level of three putative Ato ammonium exporters (D), proﬁle of mitochondrial cytochrome spectra (E, F) and
expression of CYTB gene encoding cytochrome b protein (F). Full symbols, wt (US50-18c); open symbols, pdr5/snq2 (AD1-3).
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strain, probably contributing to the pH increase in the medium
during this period (Fig. 1B).
In contrast to the decreased proton export, pdr5/snq2 cultures
exhibit an increased level of extracellular ammonia/um compared
to the wt culture (Fig. 2B), which can also contribute to medium
alkalization. This correlates with a higher level of expression of
the ATO1 and ATO3 genes encoding putative ammonium exporters
[31] from the 12th and 18th h of cultivation, respectively (Fig. 2D).
Interestingly, expression of the ATO2 gene was already induced in
the pdr5/snq2 culture on the 10th h (i.e. earlier than in the wt
strain), but its overall level of expression from the 26th h onwards
was lower than in the wt. Most of the above data indicate that
pdr5/snq2 cultures activate a metabolism to some extent similar
to that described previously on glycerol medium [32].
We then analysed the proﬁle of mitochondrial cytochromes as
well as the expression of some of the genes encoding mitochon-
drial proteins. As shown in Fig. 2E and F, while there is no signiﬁ-
cant difference in the ratio of cytochrome c/cyt c1 in the wt and
pdr5/snq2 cultures, the ratio of cyt b/cyt c1 is signiﬁcantly shifted
in favour of cyt b in pdr5/snq2 cells. Interestingly, this difference
begins between 7 and 15 h of the cultivation, i.e. during the period
of growth rate and pH diversiﬁcation, and persists until the latephases. Parallel expression analyses revealed a higher level of CYTB
expression in pdr5/snq2 cells than in the wt, starting between the 6
and 10th h of the cultivation, thus correlating with both the initia-
tion of the cyt b/cyt c1 ratio difference and growth diversiﬁcation
and glucose exhaustion in the mutant strain.
These data suggest that the absence of both the Pdr5p and
Snq2p transporters leads to a change in the gene expression and
production of various proteins involved in plasma membrane and
mitochondrial functions.
3.3. Differences in stress defence mechanisms
The observed changes in growth rate and cell physiology bring
up the question of whether such alterations will result in an in-
crease in cellular stress. Therefore, we analysed the levels of the
main yeast stress-defence enzymes, mitochondrial and cytosolic
superoxide dismutases, as well as cytosolic and peroxisomal cata-
lases, and determined the level of low-molecular thiols during the
growth of wt and pdr5/snq2 cells.
The comparisons of catalase and superoxide dismutase activity
in both strains revealed a slightly increased activity of both cyto-
solic enzymes (Ctt1p, Sod1p) and of Sod2p in the wt culture for al-
most the entire monitored period, indicating a mild effect of the
Fig. 4. The absence of Pdr5p and Snq2p leads to altered level of Pdr1p transcription
factor. Level of PDR1 transcript, Pdr1p and Pdr5p protein in wt (US50-18c) and pdr5/
snq2 (AD1-3) cultures.
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The comparison of Cta1p activity indicated that peroxisomal func-
tions begin as early as at 6th h in the wt culture while only after
the 16th h of culture cultivation in pdr5/snq2. In contrast, low-
molecular thiols reach a signiﬁcantly higher concentration in
pdr5/snq2 cells, particularly during later developmental phases
(after approximately 60 h of cultivation) (Fig. 3B).
3.4. Absence of Pdr5p and Snq2p leads to altered level of Pdr1p
transcription factor
When monitoring the level of PDR1 gene expression in pdr5/
snq2 and in wt cultures, we did not observed signiﬁcant differences
(Fig. 4). However, the level of Pdr1p protein in the wt culture
quickly falls down after the 8th h. Hence from 6 to 12 h of the cul-
tivation, the Pdr1p level decreases always to less than 1%, although
the biomass increased only by the factor of about 1.74 during this
period. This indicates that at least part of the Pdr1p protein has to
be degraded during this period. In contrast, the level of Pdr1p was
stable in the cells of the pdr5/snq2 culture throughout the whole
period tested. A parallel monitoring of the level of the Pdr5p trans-
porter in the wt culture showed its gradual decrease from the 6th h
until the 40th h. A similar difference in Pdr1p proﬁle was observed
when analysing the cultures of other members of the wt and pdr5/
snq2 groups (data not shown).
These data suggest an intriguing possibility that Pdr5p/Snq2p
transporters are involved in the regulation of Pdr1p stability in
the wt-group. Thus, their absence would lead to a change in the le-
vel of Pdr1p and this transcription factor could be consequently
responsible for regulating the altered metabolism in pdr5/snq2
cultures.
3.5. Presence of PDR1 allele instead of PDR1-3 does not change
behaviour of the strains
The results described above showed striking differences in
physiology of wt and pdr5/snq2 strains containing Pdr1-3p variant
of Pdr1p transcription factor. To check, whether the observed dif-
ferences are speciﬁc for PDR1-3 strains overexpressing several
genes including PDR5 and SNQ2 [12], we surveyed the isogenic
strains containing wt PDR1 allele for some of the main characteris-
tics described above. For this purpose, we used wt-PDR1 strain
EMO1/3 (derived from US50-18C by replacing PDR1 instead of
PDR1-3) and pdr5/snq2-PDR1 strain OH1 (derived from EMO1/3
by deleting PDR5 and SNQ2 genes).
As shown in Fig. 5A and B, wt-PDR1 (EMO1/3) differs in growth
properties and pH from pdr5/snq2-PDR1 (OH1) similarly as wt
(PDR1-3) and pdr5/snq2 (PDR1-3) strains, thus suggesting that the
physiological differences are not speciﬁc for strains with PDR1-3 al-Fig. 3. Changes in stress-related factors during culture development. Levels of stress-def
non-protein thiols (B). Full symbols, wt (US50-18c); open symbols, pdr5/snq2 (AD1-3).lele. This was conﬁrmed by the measurements of the capacity of
cells of both strains to extrude protons, which is signiﬁcantly lower
in pdr5/snq2-PDR1 than in wt-PDR1 strain (data not shown). Final-
ly, the monitoring of the level of the Pdr1p regulator in cultures of
both strains revealed that Pdr1p level is maintained in pdr5/snq2-
PDR1, while this protein disappears from wt-PDR1 strain similarly
as from the wt (PDR1-3) strain (Fig. 5C). These data clearly show
that observed wt versus pdr5/snq2 differences are independent
on whether PDR1-3 or PDR1 allele is present in the strains.
4. Discussion
The different PDR transporters have been previously shown to
be important for cell protection against a wide spectrum of extra-
cellular toxic compounds. However, quite little is known about
their physiological role, the possible removal of some toxic metab-
olites or even possible participation in the release of some signal-
ling components. This study indicates a possible physiological role
of the Pdr5p and Snq2p PDR transporters, which are under the con-
trol of the Pdr1p transcription regulator or its Pdr1-3p variant. We
have shown that the absence of both Pdr5p and Snq2p, but not of
Yor1p, leads to extensive pleiotropic changes in cell physiology.
This includes altered growth properties and utilisation of nutrients
as well as changes in the expression and production of various pro-
teins. The changed cytochrome ratios and possibly mitochondrial
functions (Fig. 2) may suggest a role for the Pdr3p transcription
factor, also controlled by Pdr1p. Our data implying a physiological
role for Pdr5p and Snq2p during the exponential growth phase are
in agreement with the previous observations on the tight regula-
tion of Pdr5p levels by the growth phase and presence of glucose
[13] and on the increase of pump activity of Pdr5p and Snq2p upon
glucose and amino acid addition to stationary cells [33].ence enzymes in cells of wt and pdr5/snq2 cultures (A). Changes in concentration of
Fig. 6. Model of possible role of PDR transporters in regulation of cell physiology in
wt strains. Situation in exponentially growing cells (upper scheme) and in the phase
of the diauxic transition (lower scheme). Asterisks, hypothetical quorum sensing
metabolite. Data on Pdr1p repression of some of the diauxic-phase induced genes
were published previously [34]. See discussion for more detailed description.
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atively stable in pdr5/snq2 strains compared to the wt (Figs. 4 and
5C), suggests a possibility of a regulation of the stability of this
transcription factor. Since this difference and sharp decrease in
Pdr1p level in wt culture (which is not simply caused by biomass
accrual) is only detectable at the protein, but not mRNA level, it
indicates a possible regulation of the amount of Pdr1p at the post-
transcriptional level, most probably in terms of its degradation.
The difference in Pdr1p level between the two strains is visible
from the time when the growth and pH of both cultures begin to
diverge (Fig.1, 4 and 5). Thus, we can hypothesize (Fig. 6) that dur-
ing exponential growth, Pdr5p (and Snq2p) export a particular
metabolite. It gradually accumulates in the surroundings and func-
tions as a quorum sensing molecule after the culture reaches some
critical point (e.g. cell density and limited glucose or amino acid
concentration). Then a signal connected with quorum sensing is
somehow sent to the cells and the Pdr1p factor starts to be de-
graded at approximately the same time as Pdr5p (Fig. 4). All this
consequently could lead to changes in metabolism (for example,
to induction of some ‘‘diauxic” genes, see below) and to a reduction
in culture growth, possibly to conserve the rest of the nutrients.
When both Pdr5p and Snq2p are absent, the putative quorum sens-
ing metabolite is not exported. Consequently, cells do not obtain a
signal for Pdr1p degradation and this transcription factor could
inﬂuence cell metabolism in a way that leads to continuous growth
and the different exploitation of nutrients. Alternatively, the hypo-
thetical extracellularly released quorum sensing compound itself
could regulate the metabolism independently of Pdr1p. One also
cannot exclude a possibility that Pdr5p and Snq2p can inﬂuence
such quorum sensing indirectly, by their effect on sterol homeosta-
sis [17] and plasma membrane lipid organization [21] conse-
quently changing the spectrum of compounds able to freely pass
through the membrane. Interestingly, a search for proteins regu-
lated by Pdr1p (and Pdr1-3p) revealed that a group of the proteins
involved in stress response (controlled also by Msn2p/Msn4p reg-
ulator) and in trehalose synthesis is repressed by Pdr1p [34]. The
expression of most of these proteins was shown to be induced dur-
ing diauxic shift and/or stationary phase [35,36]. Hence, the sharp
decrease in the Pdr1p level, which we observed in both wt strainsFig. 5. Growth properties and level of Pdr1p transcription factor in PDR1 strains. Growt
medium (B) and changes in Pdr1p protein (C). Full symbols, wt-PDR1 (EMO1/3); open s(PDR1 and PDR1-3) could be important to allow this group of the
‘‘diauxic” proteins to be expressed and participate in diauxic met-
abolic changes and transition to the stationary phase. In opposite,
maintenance of stable Pdr1p level (in both pdr5/snq2 strains) couldh curves of wt-PDR1 and pdr5/snq2-PDR1 strains (A). Corresponding pH changes of
ymbols, pdr5/snq2-PDR1 (OH1).
O. Hlavácˇek et al. / FEBS Letters 583 (2009) 1107–1113 1113prevent the expression of these proteins and diauxic transition,
thus prolonging the exponential growth (Figs. 1 and 5). In addition,
Pdr1p is participating (in different ways) also in regulation of
expression of various amino acid metabolic genes [34]. This can
be reﬂected in observed changes in amino acid utilisation
(Fig. 1E). The hypothesis on quorum sensing molecule inﬂuencing
PDR-pump level is supported also by previous ﬁnding on the effect
of unidentiﬁed metabolic component in growth-depleted medium
on PDR-pump presence [37].
From general point of view, our data show that a defect in plas-
ma membrane transporters Pdr5p and Snq2p can lead to dramatic
changes in overall yeast cell physiology. This should be taken into
account also when sensitivities of strains equipped with different
PDR transporter systems are tested for their resistance to extracel-
lular drugs. There, a changed resistance could be caused either by
absence of a transporter itself or by a changed physiology or by
both.
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